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1. INTRODUCTION

The COFS (MAST I) deployer/retractor assembly (DRA) which haves a cluster
of mechanisms that constitute the collapsible/extensible Mast, contains

mechanisms/Tinkages that deploy and retract same.

The Mast is a flexible spatial (3D) linkage with hinges that lock into
place during deployment to form a truss type structure. It is 60 meters (54
bays) long with repeating sections of two bays. Each bay has altenating
diagonals. All joints are single-degree-of-freedom hinges, arranged such that
the Mast does not rotate during deployment/restow and that deformation energy
is minimized. Mispan hinges are incoporated in the diagonals and half of the

batten members.

In the following sections, the contractors will analyze the various
operational aspects and characteristics of the various mechanisms within the

DRA.



2. ANALYSIS OF MECHANISMS ASSOCIATED WITH DEPLOYMENT/RESTOW AND LATCHING OF
COFS I HARDWARE

There are two linkages mechanisms; one for deployment and another to
assist in restow. The deployment linkage system consists primarily of a
recirculating gear train and such a gear train has gdenerally been inefficient.
Furthermore, it is anticipated that the size and weight of the recirculating
gear arrangement may be reduced by other approaches without sacrificing

reliability.

Part of the restow mechanism is the Bell-Crank mechansim that actuates
the diagonal fold-arms. This mechanism, on the other hand, should be designed
very carefully because it is inherently a structure that works as a mechanism
due to "special dimension." It is anticipated that the hostile environment of
space will preclude such a set of "special dimensions" from maintaining its

dimensional integrity.




3. ASSESSMENT OF EFFECTS OF DEPLOYMENT/RESTOW LOADS ON COFS I DEPLOYABLE BEAM
STRESS DISTRIBUTION, ESPECIALLY IN JOINT/HINGE BOND REGIONS

During deployment, the process is rather slow so that the dynamic effects
may be neglected. As the screw loads "draw" on the "A" corner bodies, the
spring loads in the diagonal hinges actually causes these corner bodies to be
pushed up against the screw leads, in the direction of deployment. This means
that loading on the various joints and hinges is not caused by the deployment
lead screws but by the high spring loadings within the diagonal hinges. In

fact the lead screws actually provide that constrained deployment of the bays.

During the restow process, the diagonal fold arms act on the diagonal
hinges. Again the effective loading on the entire beam is directly a function
of the diagonal hinge design as well as the loading with the spring of the
hinge. This points, all importantly, towards the necessity of determining
accurately, the 1loadings within the diagonal hinge because these Tloads

directly affect that of all of the other linkage mechanisms within the DRA.



4. VERIFICATION OF FORCES AND MOMENTS WITHIN THE DIAGONAL FOLD HINGE

A force and displacement analysis of the diagonal fold hinge is simulated
using the Automatic Dynamic Analysis of Mechanical Systems (ADAMS) software.

Figure 1 below shows a model of the diagonal fold hinge.
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Based on the data obtained from blue prints of the dimensions and
characteristics of the torsion spring of the diagonal fold hinge, the results

of the simulation are illustrated by graphs shown in Figures 2a through 2d.

Figure 2a relates the link orientation of links #2 and #3 to the rotation
of the diagonal fold hinge. The interesting point to note is that the
orientation of link #2 increases to a maximum and then decreases. Since the
torsion spring is connected to this same 1link, the spring torque on the
diagonal fold hinge should be proportional to the angular displacement of link
#2 plus a constant (the preload). This is verified by the graph in Figure 2b
which shows the spring torque as a function of hinge rotation. Note the exact
similarity of the 1ink orientation curve for link #2 and the spring torque

curve, Note also the exact similarity of where the maximum link orientation



of link #2 to the where maximum spring torque occurs.

Figure 2c shows the torque requirement needed to keep the diagonal fold
hinge at a given angle of rotation. Note the tremendously high initial torque

needed to start the rotation of the diagonal fold hinge.

In view of the high torque needed to start the hinge rotation, it is
necessary to determine the loadings in the joints of the hinge. This is shown
in Figure 2d where the initial loadings of 157.2 1b occur within hinge #23 and
hinge #34. Therefore, it is crucial to design the joints of the hinge to be

able to take such high loadings.

It was subsequently discovered that Mr. L. Adams of ASTRO Corporation had
used a slightly different set of numbers. Based on that set of L. Adams'
data, a simulation of the torque requirement is obtained. This 1is shown
plotted in Figure 3. Note in this case the torque requirement becomes
negative and this somewhat corresponds to the result obtained by Mr. L.
Adams. The main difference is due to the inclusion of joint friction in Mr.

L. Adams' model. A copy of his results are shown as Figure 4.

To reduce the initial high torque needed to rotate the diagonal fold
hinge, a cam is incorporated within the hinge. When one segment of the cam is
pushed upon, another segment of the cam acts on link #3 to assist in reducing
the torque needed to rotate the hinge. A simulation (using the ADAMS
software) on the torque needed to rotate the cam is shown in Figure 5. It is
fascinating to note that a small initial torque of less than 4.0 1b-in is

sufficient to over come the high hinge torque.

It turns out that a statical force determination of the recirculating
gear train as well as the bell-crank 1linkage is impossible because of

redundancy 1in the 1linkage structure. That is to say, there two Tlinkage




mechanisms are statically indeterminate. Because of this, no simulation is

needed for these two mechanisms until they are redesigned.



5. IDENTIFICATION OF DESIGN IMPROVEMENTS

In view of the disadvantages of statical in determinancy as well as the
inefficiencies inherent in recirculating gear trains, it is recommended that

the bev:; gear trains and the bell-crank mechanisms be redesigned.
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PRELIAD ANGLE Crad) = 3.5109

2 SFRINGS

MOMINAL FIN FRICTION
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.9 €13 3.200 1% 130,77 ".z 1233 15,3
HRL 4,30 0.018 13.43 .0 2%. 3 53.9 A3
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37.24 17.56 2,794 0.3 -3 4.0 3.3 8.2
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